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 Motivation: 
 Air quality models provide the backbone of regional and 

national air quality forecasting systems. 
 Improved AQM forecasting performance is desired. 
▪ Emissions are uncertain and they change with time. 

 Forecasts of source specific air quality impacts are 
potentially useful for dynamic air quality management. 
 

 Objective: 
 Provide information that can better assist air quality 

management 
▪ Improve air quality forecasting accuracy using near real time 

measurements (gases, PM, AOD and PM composition) through 
dynamic adjustment of emissions 

▪ Forecast source impacts in addition to air quality 
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Hi-Res2 
since December, 2014 

(https://forecast.ce.gatech.edu)  

 2011 NEI base emissions 
 WRF3.6.1 and CMAQv5.02  
 72-hour forecasts  
 4-km resolution in/around Georgia 

 12-km for most of Eastern states 
 36-km for the rest of CONUS 

Ozone PM2.5 



 Using the Decoupled Direct Method, DDM-3D, Hi-Res2 is forecasting 
traffic, power plant  and prescribed burn emission impacts on O3 and PM2.5. 

PM2.5 Traffic Contribution Power Plant Contribution 

(The scales for PM2.5 and the contributions are different)  



 Sensitivity is the local 
change in pollutant 
concentration due to a 
change in emissions. 

 Impacts can be 
approximated as: 

 
 
 Since we are using first 

order DDM, impacts can be 
erroneous for large ∆E. 
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 An auto-correction system for traffic and power plant 
emissions utilizing near real-time satellite and surface 
observations 

 
 
 

 Minimizes the differences 
between forecasted and 
observed concentrations 
 

 Minimal adjustment to source 
emissions 
 

 Currently utilizes PM2.5 
measurements at ~20 sites in 
Georgia  
 

 Soon with MODIS C6 AOD 



L-BFGS algorithm is used for the optimization (R package nloptr) 

 Solve for the Adjustment Factors, Rj, that minimize χ2 
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Dec. 8-14, 2013 Obs. (µg/m3) Sim. (µg/m3) NFE NFB 

Original 4.64 10.04 86% 85% 

Emis adjusted 5.62 54% 39% 

Original Emission Adjusted 

Dec. 1-7,2013 Area On-road Non-road Point 

Adjustment 0.17 0.83 0.85 0.97 





Georgia 

PB is practiced to improve native vegetation and wildlife habitat, control insects 
and disease, and reduce wildfire risk. 

According to US EPA 2011 National Emission Inventory 15% of PM2.5 emissions in 
the USA (840 Gg) are attributable to prescribed burning. 



 Burn/no-burn decisions are made daily. 
 Decision makers can also consider PB impact forecasts. 

 
 
 

PM2.5 Prescribed Burn Contribution 

(The scales for PM2.5 and PB  contribution are different)  



 There is a relation between 
burns and weather. 
 No burns when it rains, 
 Nor when it is windy. 

 
 
 
 
 
 
 

 
 The locations of the lands 

treated by PB are known. 
 Georgia Forestry Commission 

keeps track of burn permits. 
 
 
 
 
 
 
 
 

 From the permit data, we 
derived average daily burn 
area for each of the 159 
counties in Georgia. 



 There are 18 fire weather stations in 
Georgia.   

 Predictor variables: 
 Temp, RH, WS, Rain duration, 

Drought Index and some other fire 
meteorology variables 

 Training dataset: 2010-2014 burn 
permit and observed fire weather 
data 
 Matched weather data with burn 

permits in the county of the monitor 
 Single, statewide decision tree  

model 
 The model uses the fire weather 

forecast to predict whether 
tomorrow will be a burn day. 
 If burn day in central monitor’s 

county, burn day in the entire fire 
district. 

15 



 We are using FCCS fuel 
load maps. 
 Satellites can provide more 

up-to-date data. 

• Estimate emissions for 
forecasted burns 
• Fuel moisture observations 

for fuel consumption 
• Emission factors for 

Southeastern USA fuels  
• Calculate plume rise 

• Fraction below/above PBL 
height using Briggs formulae. 

• Forecast impacts of PB 
emissions on O3 and PM2.5 
• Currently statewide, by fire 

district and by county in the 
future. 



 We compare our forecast qualitatively to the Hazard Mapping System 
Fire and Smoke Analysis by NOAA.  

 We give each day’s forecast a rating based on the agreement in location 
and density of fires. 

February 13, 2015: rated very good 



 We compare our forecasts to: 
 Burn area and emissions provided by the Biomass Burning Emission 

Product of NOAA 
 Burn areas permitted by the Georgia Forestry Commission 

Satellite vs. Permitted Forecasted vs. Permitted 



A hit (true positive) 



A miss (false negative) 



A false alarm (false positive) 



 Based on the F1 Score (harmonic mean of precision and recall)  

 



 We have started source impact forecasting and dynamic 
emissions adjustments with the Hi-Res2 air quality 
forecasting system (https://forecast.ce.gatech.edu). 

 Forecasting prescribed burn impacts may be very beneficial 
for dynamic air quality management. 

 We are forecasting prescribed burn emissions for accurate 
forecasting of the burn impacts. 
 County-specific  regression models will yield much more accurate burn 

forecasts than the statewide model we used so far. 
 Evaluation of the forecasted PB impacts is a difficult task. 
 Satellites  do not seem to detect the low intensity prescribed burns. 
 There are only a handful of PB impacts at the ground monitoring sites. 
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We use the F1 score for evaluating the burn forecast models. 
 
 F1 Score: Harmonic mean of precision and recall 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅
(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅)/2 

 
 Precision 

𝑇𝑇𝑃𝑃𝑟𝑟𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃
𝑇𝑇𝑃𝑃𝑟𝑟𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃 +  𝐹𝐹𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃 𝑁𝑁𝑃𝑃𝑁𝑁𝑅𝑅𝑜𝑜𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃 

 
 Recall 

𝑇𝑇𝑃𝑃𝑟𝑟𝑃𝑃 𝑝𝑝𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃
𝑇𝑇𝑃𝑃𝑟𝑟𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃 +  𝐹𝐹𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃 
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Variation of F1 Score with number of burns 



 Monthly average burn day acreage should lead to better burn impact 
forecast performance compared to annual average. 
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